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摘 要 
肝癌是最常见的恶性肿瘤之一，具有发病率高、复发率高、预后差的特点，
经肝动脉化疗栓塞（transarterial chemoembolization，TACE）是目前公认的肝癌
非手术治疗的首选方法。目前临床上常用的栓塞材料各有优缺点，在临床应用中
如何对症使用尚无统一标准，而且TACE治疗能否提高肝癌病人的生存率，仍然
存在争议，TACE治疗存在种种缺陷如栓塞不全、缺乏靶向性、毒副作用大、栓
塞剂稳定性与可控性差和伴随血管内皮生长因子升高等。因此，发展新型高效的、
具有靶向性、可控性强、无毒的肿瘤血管栓塞剂依然是目前肝癌临床治疗亟待解
决的重大问题。 
针对以上问题，我们计划采用一种基于靶向性凝血蛋白的选择性栓塞肿瘤血
管的抗肿瘤策略。该方法利用截短的组织因子（truncated tissue factor，tTF，又
称前体凝血酶或凝血蛋白）作为凝血效应因子，肿瘤血管标志物结合配体EG3287
为载体，其中EG3287为VEGF165与Neuropilin-1（NRP-1，VEGF的共受体）结合
的核心区域设计出的短肽，构建的靶向性融合蛋白tTF-EG3287能够通过载体把
具有潜在凝血功能的tTF选择性地传递到肿瘤血管，tTF借结合的靶细胞膜平台恢
复凝血酶的活力，并诱发肿瘤血管凝血反应、血栓形成和栓塞阻断肿瘤组织的血
液供应，从而产生抗肿瘤活性。 
为了验证靶向性凝血蛋白tTF-EG3287在原位肝癌的抗肿瘤活性，我们首先
通过大肠杆菌BL21（DE3）大量表达tTF-EG3287，破碎菌体得到融合蛋白，经
过尿素变性后过镍柱亲和纯化，然后将纯化后的蛋白透析复性，通过凝血时间测
定和FX活化实验在体外初步研究了该融合蛋白的凝血活性。然后利用H22肝癌细
胞株构建小鼠移植性原位肝癌模型，使用Cy 5.5荧光标记tTF-EG3287的方法尾静
脉注射原位肝癌模型小鼠中，观察其在主要脏器和肝癌组织中的分布。最后通过
尾静脉小鼠给药，组织切片法观察凝血蛋白对肝癌组织血管的栓塞作用，同时利
用免疫组织化学法分析正常组织和肝癌组织中的NRP-1和VEGFR表达情况，评价
凝血蛋白tTF-EG3287的抗肿瘤活性。 
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本实验成功地利用大肠杆菌BL21（DE3)优化表达融合蛋白tTF-EG3287，表
达的包涵体蛋白经过高浓度尿素变性后过镍柱纯化，纯度达到95 %，复性浓缩后
蛋白浓度达1 mg/ml，凝血时间测定和FX活化实验证实其具有凝血活性。荧光定
位实验显示tTF-EG3287能选择性富集于肝癌组织，免疫化学结果显示肝癌组织
中均高表达NRP-1和VEGFR蛋白，病理学观察可见tTF-EG3287能够选择性定位
于肝癌血管，并选择性诱发血管栓塞，导致肿瘤细胞坏死，并能有效抑制小鼠原
位肝癌的生长，抑瘤率可达到68 %，而对正常组织没有毒副作用。 
总之，我们通过原核表达系统获得靶向性凝血蛋白 tTF-EG3287 的高效表达，
tTF-EG3287 能显著的选择性诱发小鼠移植性原位肝癌血管栓塞，抑制原位肿瘤
的生长，为肝癌血管栓塞治疗新策略的应用与发展提供理论基础与新思路。 
 
关键词：TACE；血管靶向；凝血蛋白；tTF-EG3287；原位肝癌；血管栓塞； 
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 Abstract 
Hepatocellular carcinoma, one of the most commonly occurring cancer, is 
responsible for significant mortality worldwide, with its increasing morbidity, high 
recurrence and poor prognosis. Transarterial chemoembolization (TACE) is 
recommended as the current standard care for patients with intermediate-stage 
hepatocellular carcinoma. However, considering the advantages and disadvantages of 
conventional embolic agents, there is no uniform standard to utilize embolic agents in 
clinic practice. Further, the practice limitations of TACE such as incomplete embolism, 
targeting deficiency, toxic side effects, inferior stability and controllability and 
increasing VEGF levels of residual HCC become more apparent, which accounts for 
the controversial of improving the survival rates of HCC patients. Therefore, the 
urgent demands to development neotype embolic agents have been recognized in the 
clinic treatment of HCC patients. 
On the basis of above-mentioned problems, we adopt an promising anticancer  
strategy of tumor vascular embolization based on targeted coagulation protein. 
Selective thrombosis in hepatocellular carcinoma vessels and induction of subsequent 
tumor infarction is the theoretical foundation of this method. We took tTF (truncated 
tissue factor), the extracellular domain of tissue factor, as the blood coagulation effect 
factor, and chose the oligopeptide EG3287 designed for combination of VEGF165 and 
NRP-1 as the carrier for fusion protein. When tTF is targeted to the tumor vascular by 
the ligand of tTF-EG3287 protein and combines with the cell membrane closely, it 
could induce thrombosis in tumor vasculature and cut off nutrition and oxygen 
supplies of tumor, which results in necrosis of the tumor and produces anti-tumor 
effects. 
To explore the potential antitumor effect of targeted coagulation protein 
tTF-EG3287, the fusion protein was firstly expressed in E.coli BL21 (DE3), purified 
by His SpinTrap columns after the denaturation of urea, and finally refold by 
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subsequent dialysis. The activities of the fusion protein in vitro were measured by 
coagulation timing and FX activation test. The distribution of the Cy5.5-labelled 
proteins in mice bearing orthotopic H22 hepatocellular carcinoma and normal tissues 
were observed by fluorescence imaging. Finally, the effect of tTF-EG3287 to 
selectively induce thrombosis in hepatocellular carcinoma vasculature was examined 
by histologic analysis, while the expression levels of NRP-1 and VEGFR on normal 
tissue and tumor were detected by immunohistochemistry.  
The results revealed that fusion protein tTF-EG3287 was expressed efficiently in 
E.coli BL21 (DE3) under optimization condition. The coagulation protein was 
purified through Nickel-affinity chromatography column to 95 % purity. The protein 
concentration arrived at 1 mg/ml after refolding and ultrafiltration concentration. The 
activities of the fusion protein in vitro were verified. The coagulation timing and FX 
activation assay showed the superior coagulation activity of tTF-EG3287. In the 
orthotopic H22 hepatocellular carcinoma mouse models, Fluorescence localization 
experiments revealed that tTF-EG3287 could selectively localize in the tumor 
vascular, while NRP-1 and VEGFR were showed high expressed in tumor by 
immunohistochemistry. In histological studies, the selective localization of 
tTF-EG3287 was observed. Blood vessels in the hepatocellular carcinoma in the 
treated group were thrombosed and occluded, and tumor cells around the occluded 
vessels appeared injured and necrosis, with the tumor growth inhibitions of 
tTF-EG3287 up to 68 %. No thrombosis in blood vessels and cell damage, or other 
side effects were observed in normal tissues. 
In summary, targeted coagulation protein tTF-EG3287 was high efficiently 
expressed through prokaryotic expression system. tTF-EG3287 could selectively 
induce thrombosis in orthotopic hepatocellular carcinoma and inhibit the growth of 
tumor. All the survey above may lay the foundation and provide new method for 
development of vascular targeting treatment for hepatic carcinoma.  
Keywords：TACE; Vascular targeting; Coagulation protein; Orthotopic hepatocellular 
carcinoma; Thromboembolism;
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缩略词表 
 
 
1.transarterial chemoembolization，TACE 经肝动脉化疗栓塞 
2.truncated tissue factor，tTF 截短组织因子 
3.hepatocellular carcinoma，HCC 肝细胞肝癌 
4.polyvinyl alcohol，PVA 聚乙烯乙醇 
5.drug-eluting beads，DEB 药物缓释微球 
6.tumor angiogenesis inhibitor，TAI 新生血管抑制剂 
7.vascular targeting agents，VTA 血管靶向药物 
8.microvessel density，MVD 微血管密度 
9.Neuropilin-1，NRP-1 神经纤毛蛋白 
10.vascular endothelial growth factor，VEGF 血管内皮生长因子 
11.PSMA 前列腺特异性抗原 
12.VCAM-1 血管细胞黏附因子 
13.tissue factor，TF 组织因子 
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 1
前 言 
一、肝癌概述 
原发性肝癌（Primary Liver Cancer，PLC，以下简称肝癌）是临床上最常见
的消化系统恶性肿瘤之一，目前全球估计的每年新病例发生数约为 74.83 万人，
居于恶性肿瘤发病率的第 5 位和肿瘤相关死亡率的第 3 位[1]。我国肝癌死亡率位
居各国肝癌死亡率之首，肝癌发病占全球 55 %，且目前似有升高趋势。在我国
恶性肿瘤死亡顺序中仅次于胃癌而居第二位[2]。 
原发性肝癌主要包括肝细胞癌（HCC）、肝内胆管细胞癌和混合型肝癌等不
同病理类型，其中 HCC 占到 90 %以上，是最常见的一种病理类型。肝癌的分期
主要有 TNM 分期和巴塞罗那临床肝癌分期（BCLC2010），针对不同分期的肝
癌患者，外科手术治疗主要包括肝切除术和肝移植术。但由于肝癌起病隐匿，早
期没有症状或症状不明显，且病程进展快，大多数患者确诊时已经属于肝癌晚期
或发生远处转移，丧失手术机会。因此，非手术治疗在肝癌的综合治疗中起着重
要的作用，主要方法有介入治疗、系统药物治疗、消融治疗和放射治疗等。总体
而言，肝癌病程短，进展迅速，一般症状出现至死亡的平均时间为 3-6 个月，少
数病例的病程甚至不到 3 个月，肝癌发病率及死亡率居高不下，严重威胁人类健
康和生命[3]。 
1 肝癌的病因 
肝癌的病因和发病机制尚未完全明确，根据高发区流行病学调查，可能与下
列多方面致癌因素相关。首先是病毒性肝炎，我国 90 %的肝癌患者中有乙型肝
炎病毒（HBV）感染的背景，HBV 感染→慢性肝炎→肝硬化→肝癌是最主要的
发病机制。长期大量饮酒导致酒精性肝病，在此基础上的肝纤维化以及肝硬化都
可能引发肝癌，另外长期进食霉变食物也与肝癌发生有密切关系，粮食易受黄曲
霉毒素污染的东南沿海温湿地带是肝癌高发区，尤其是易受霉菌毒素污染的玉米
和花生油地区。长期接触化学毒物如偶氮芥类、有机氯农药以及血吸虫和华支睾
吸虫感染均易导致肝癌。此外，肝癌的家族聚集现象既与遗传易感性有关，也和
家族饮食习惯和生活环境有关。通过原发性肝癌在世界不同地区发病率的差异，
表明肝癌发生具有种族和群体特异性。肝癌的流行病学调查资料表明，在男女皆
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